1 l These observations extend in a somewhat less complete form beyond the plot shown in Figure   6 ; the above statement probably applies to the entire interval from -10°to +20°longitude.
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Elwert, G., Ergebnisse der exakten NaturWiss., 32, 1-78 (1959 Radio positions of high accuracy permit us to consider as significant the presence of a faint optical object within the area given by the errors of the source position. But, positions of radio sources are not accurate enough to point uniquely to an optical object with which the source is to be identified. Supplementary evidence is needed to establish an identification, such as the nature and the appearance of the optical object, its spectrum, the size of the source, and its radio spectrum. For distant objects and faint sources it can be difficult or even impossible to obtain the needed information. In that case, it is impossible to establish definitely a suspected identification.
Some sources could be identified with galactic and with extragalactic objects soon after the existence of radio sources had been discovered. Positions of relatively moderate accuracy pointed clearly to optical objects that were long known as highly peculiar. But the two strongest sources in the sky escaped identification until positions of high accuracy had been determined; both turned out to be faint and inconspicuous objects. This implied clearly that not all sources can be expected to be optically observable. But the initial success led to the expectation that it should be possible to identify many sources. Actually, as more sources became known very few additional identifications could be made. But, low accuracy of the positions of the fainter sources, of which many were later found to be spurious. could be considered as a possible explanation of the difficulty.
The surveys at 86. (a) more than 121 /20 distant from the galactic plane, with flux densities larger than 10-25 MKS units (230 sources); (b) identified in the Cambridge catalog (20 sources); (c) in the areas from 9h24m to 11h24m, -21°to +30, and from 23h00m to 23h48'.
-21°to +30 (150 sources). The examination of the 480 sources that were examined has led to 59 objects that might provide identifications; a number of objects noted earlier are included. Dewhirst' has examined the 430 sources of the Cambridge catalog, which covers the sky north of -100, and noted 14 objects. The results show that, as is to be expected, the three investigators have differed somewhat in their judgment which objects can be considered as providing possible identifications. The over-all results show definitely that for only a small fraction of the sources, of the order of 10 per cent, can objects be found that may provide an identification. The total of true identifications will be even smaller since a certain fraction of these objects should coincide only accidentally with a source. All objects noted are now under investigation with the 200-inch telescope. Whatever the final result will be, the conclusion is now unavoidable that with positions of the present accuracy not more than a small fraction of all sources can be identified. The implications of this result differ for various types of sources.
Emission nebulae are a type of source whose identification presents little difficulty. Both optical emission and radio emission of the ionized gas are due to the same physical process; the surface brightness is determined by the thickness of the ionized gas, the electron density, and the electron temperature. Thus optical and radio brightness are related, and the size of source and object must be identical. Moreover, the radio spectrum is typical; at very low frequencies the intensity increases with the frequency and becomes almost constant at high frequencies. The radio spectrum permits us to identify thermal sources as emission nebulae even if heavy obscuration hides the object. Very few sources of this type are in the surveys carried out at low frequencies. Since they are not important for the problems of identification, they have not been included in the data discussed in this paper.
In all other sources synchrotron radiation is the source of the radio emission. This non-thermal process does not necessarily contribute to the optical brightness. Intensity and size of the source thus are not related to brightness and size of the optical object. The radio spectrum shows a steep decrease of the intensity with increasing frequency. Except for a few sources that show a distinctly smaller gradient, the spectra of all sources seem to be quite similar. At the present stage, the radio spectrum does not contribute information that permits more than to separate thermal and non-thermal sources.
The sources may be divided into two classes.4 Class I contains strong extended sources that are concentrated in the galactic plane. This class must contain objects in our Galaxy. Ten sources of this kind have now been identified.5 Three of them are remnants of supernovae of type I: the supernova of 1054 (the Crab Nebula),
Kepler's nova of 1604, and Tycho's nova of 1572, whose remnant was found on the basis of the position in the 3C survey. The other objects are the nebulosity of the Cassiopeia A source, probably a remnant of a supernova of type II that occurre& 256 years ago, and a number of large nebulosities with diameters of several degrees. The Cygnus loop is the only object of the last group that was studied in detail. The results support the suggestion by Oort6 that the Cygnus loop is a remnant of a supernova whose original fast expansion has been slowed down by interaction with the interstellar medium. This supernova must have been of type II. The age of the Cygnus loop can be estimated to about 50,000 years. Jt seems probable that the other objects are of similar origin.
It is possible to estimate very roughly the total number of such objects in the Galaxy. According to new unpublished results by Baade, the frequency of supernovae of type I and of type II is nearly equal-one supernova about every 400 year. That more remnants of supernovae of type II have been identified than of type I seems reasonable since supernovae of type II eject a mass of the order of several solar masses much more than the supernovae of type I, whose remnants contain masses of the order of a tenth of a solar mass. The life of a remnant of a supernova of type II, therefore, can be much longer than that of a supernova of type I. The age of the Cygnus loop suggests a lifetime of the order of 50,000 years, which would lead to the expectation that the total number of such objects in the galaxy is of the order of 125. This is consistent with the possible number of galactic sources. That only 10 sources have been identified is easily understood as a consequence of the concentration to the galactic plane where obscuring interstellar dust clouds keep many objects from our sight.
Most sources are uniformly distributed over the sky and therefore are most likely external galaxies, although some extended sources might be features of the radio halo of the Galaxy. Normal galaxies are at most very weak emitters. Very few sources in the present surveys, therefore, are nearby bright galaxies. Only two single galaxies are definitely identified as strong sources. One, NGC 1316, does not appear to be very peculiar.7 The other, NGC 4486 (M 87), has an outstanding peculiarity that was long known a jet-like feature emerging from the nucleus. Peculiar as this feature is, it is not conspicuous enough to expect it to be visible in more distant galaxies, nor is it certain that it should occur in all galaxies in which the unknown process operates that causes the strong radio emission in NGC 4486. The fact that a galaxy coinciding with a source appears normal thus does not contradict an identification, which may have to remain tentative for lack of supporting evidence.
The second strongest source, Cygnus A, has been identified as a pair of colliding galaxies.8 This identification, established on the basis of a precise position and supported by the appearance of the object and by its outstandingly peculiar spectrum, seemed to be supported by observations of the nebular redshift of a 21-cm absorption line. It is now established, however, that this absorption line does not exist. This does not contradict the identification. The fact that size and structure of the source differ from that of the object9 may actually support rather than contradict the identification in the light of observations to be discussed below. NGC 1275, a double galaxy identified with a source, represents a well established example of a collision of galaxies.'0 Spectroscopic observations show that the object consists of two galaxies whose radial velocities differ by 3,000 km/sec; the two galaxies must be separated in a few million years. If collisions of galaxies lead to strong radio emission, the search for identifications may lead to the discovery of colliding galaxies even if such objects are rare. It is not sound, however, to assume that all double galaxies are due to collisions, nor does it seem permissible to think that all sources identified with double galaxies are due to collisions.
At the present stage of the investigation, it is not yet possible to state definitely how many of the coincidences noted in the present investigations wilt lead to definite identifications. But it is now quite definite that, as was suspected earlier," some double and multiple elliptical galaxies are sources. Figure 1 shows some samples of new objects that seem to be definite identifications. Since single elliptical galaxies seem to be weaker emitters than spirals, and since the density of the gas in ellipticals is low, it is puzzling that identifications with double elliptical galaxies seem to be more frequent than those with doubles containing spirals.
The main reason why so few sources can be identified is probably to be sought in the fact that sources of the Cygnus A type are observable at distances where the galaxies are too faint to permit identification with positions of the present accuracy. Sources of this intrinsic strength should actually still be observable at distances where the optical object is beyond the reach of the 200-inch telescope. This interpretation is supported by an analysis of the available radio evidence by Ryle."1 Unpublished resuits obtained at .Jodrell Bank show that 10 to 15 per cent of the sources have angular diameters of less thans 8" and must indeed be more distant than Cygnus A, but of comparable intrinsic strength. The possibility cannot be excluded, however, that some sources might be truly invisible objects of an unknown kind, such as features of the galactic halo or masses of gas in intergalactic space.
Observations of the size of sources often seem to contradict rather than to support identifications. A discordance between radio and optical size is understandable, since almost all the light of galaxies comes from their stars with a small contribution from emission nebulae, while the radio emission originates in tenuous gas from the motion of relativistic electrons in magnetic fields. Even normal galaxies are sur-rounded by radio halos two or three times larger than the visible gas. But in some sources the difference between the optical appearance and the structure of the source is much greater. Cygnus A is identified with an object whose major axis is about 30", or, at the distance 2.2 X 108 psc., 30,000 psc. The source appears as two masses, whose centers are separated by 82" or 90,000 psc. and whose total extent is 134" or 150,000 psc. A central source is not observed and must be fainter than about 10 per cent. That this difference of optical and radio appearance does not contradict the identification has now become strikingly clear from an unpublished investigation by Bolten of the source Centaurus A, whose identification with NGC 5128 cannot be doubted. In this case, the optical object has a major axis of 31'; the distance is not well established, but probably about 6 X 106 psc. The source contains a small central source that contains 25 per cent of the intensity. The outer parts of the source consist, except for a weak asymmetrical feature, of two symmetrical masses whose centers of gravity are separated by about 40, or 400,000 pse. The total extent is almost 10°, or 1,000,000 pse. Except for the central source that seems stronger here than in Cygnus A, the structure of the two sources is similar, but in Centaurus A the dimensions of the source exceed the optical dimensions even more than in Cygnus A. The size of Centaurus A presents a serious problem. High velocities are necessary to transport the gas and the magnetic field to large distances. It is not clear at this time what are the processes that apparently eject the source from the object. Some observations suggest that the ejection might not always be symmetrical. It seems now definitely established that the Hercules A source does not coincide with any galaxy brighter than the 20th magnitude. The diameter of the source is 2.'3. About 4' south of the source is a peculiar double galaxy of about the 18th magnitude at a distance of 3.3 X 101 pse. Three interpretations are possible. The source might be an invisible gas mass, or it might be connected with a galaxy of 20th magnitude or fainter, thus even more extended than Centaurus A and intrinsically stronger than Cygnus A. The most conservative interpretation is that the source is connected with the peculiar galaxy; its distance from the galaxy would be 400,000 psc., comparable to the dimensions found in Centaurus A. The assumption of unilateral ejection of the source does not appear to be objectionable. Actually, at this time four other sources seem to present a similar but less well established situation. Such a dislocation of a source might make its identification difficult or impossible, but it seems probable that with positions of the present accuracy this difficulty does not arise often and is not more than a minor factor contributing to the difficulties of the identification problem.
